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AVALYSIS OF AVATLABLE DATA ON- CONTROL SURFACES
HAVING PLAIN-OV°?WANu AND FRISE BALANCES

By Pzul ®, Purser and Thomas A. Toll
SUMMARY

The availlasble data on control surfaces having plain-
overhang and Frise balances hsve been analyzed and some
empirical relations that will facilitate thse prediction
of the characteristics of balanced control surfaces from
the gcometric constants have been detsrmined. The
analysis presented has teen limited te the effects of
overhang, ncse shaps, 28p, and Mach number. Although
the relations given are not consildered sufficisntly re-
liahle to allow satisfactory prediction of sirplane
stick forces without the aid OP wird-tunnel tests of a
scale model, they are considersd applicadle to the pre-
liminary d"31qn of control-surface balances and to modi-
flecaticns of nalancss already in use, -

The e¢ffects of bhalance variations in changing the
slope of the curve of hinge-moment zoefficient plottaa
against control-surface deflection and in changing the
llfL effectivensss of ths corntrol surface are correlated
for iow Fach numbers bty a balance factor that accounts
for the length end shape of overhang No-such factor

wag obtained that would adejuately accounu for all of
the variables affecting the slopc of the curve of hinge-
moxent coefficient pletted agalnst anzgle of attack ar
the delflection range over which the Talance 1s «ffective
in reducing the °lopc of the hinge-moment curve, The
effscts of gap and Mach numbor are prezsented for a few
representative models. Some representative pressure-
distribution diagrams sre pressented for controls with
plain-overhang &and- Frise balances.

TINTRODUCTION

The demands for more maneuverability and smaller
control forces for high-speed combat aircraft and the
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general Increase in the sigze and speed of all types of
alrplene have resulted in a conslderable amount of re-
search on means3 for balancing control surfaces, The
results of a great part of the control-surface research
have recently boeen collected In two papers: one gensr-
ally aprlicable to allerons (reference 1), and the other
generally applicable tou tall surfeces (reference 2).

The data contelned in tke twc collesctions and in othar
papsrs ars being snalyzed, corr:leated, and summarized at
IMAT.. The rssulte of thesu studliece are boaing published
separately as they are completud. Reference 3 contalns
inforustion on internally balenced controls, reference
contalns information on controls with beveled trailing
edges cnd simllar conbour modificetions, and raference 5
contains data on horn~-balanced controls.

The presant papsr deals with contrcl surfaces
having plain-overhang and Frisa balancec. The effects
of overhang, nose shape, gap, and kKaci numver have been
stvdisd. The Frise balanco 1s considered only as &
speclal type of overlang halance, and certain charscw
terlatlcs generally assocla®ted only with Frise balances
such as the effegcts of bulpges, vent gape, slet shapes,
and the vartical locations of the hinge axes - have not
been consldered, Such effects may sometimes be appre-
clable, but they cannot be proporly svaluated from the
oxlsting data.

SYM30LS

"he coefflcients, parametern, factors, end symbols
used in corrclating and presenting tho data are:

CL 1ift coefficient
cy sectlon 1lift coefficient
C, average 1lift coefflcient over control-surfacs
1 span for alrfoil with piala sealed control
surface
oy sectlion 11ft coefficlent feor alrfoll with plain
1 scaled coatrol surface

Cn hinge-moment coefficlent
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Ch

gection hinge-moment coeffleclent
Pnﬂgsmef_goeffic 1_91;‘5_ | H(P-:i—-l;or .

loqal atatlc pressure

static pressure 1in undisturbed alrstream

dynamiq pressurs of undiatﬁfbed airstream (%pvﬁ)
angle of attaeck, degrees

control-surface deflectlon relatlve to airfoll,
dsgrees

critical ¢control-surface deflection; that 1ls,
deflection at which plalun-overhang or Frilse
balance 1s no longer erlfective 1n reduclng
s8lope of hilnge-moment curve (approximately
the deflection at which mexlnmum 1ift 1s ob-
tained for a ylven angls of attack)

airfoll chord

recot-mean-giluara airfoll chord over span of
control surface

control-surfece chord haclt of hinge line

root-mean~-square control-surface chord

balance chord, distance from hinge lins to
leading edgo of plain-overhang or Wrise
balance

root-mean-square balance chord

contour balance chord, distance from hinge line
to polirnt of tangency of “alance leading-edge
arc and alrfoil contour

root-mean-square contour bpalance chord

thickness of airfoll section at hinge line

root-mean-square of airfoll section thickness at
hinge 1line
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bf snan of c¢ontrol surfidecé
by, span of plaln-overhang of Frlse balance
aspect ratio

ratio of tip chord to rcot chord

M ¥Mach number; with subscripts,-area moment of the
balence profile about hinge axls

R Reynolds number; with subscripts, balance nose
radius

1] chord-wise location of minimuwm-~pressure point

for low-drag alrfolls measured in alrfoll
chords from leading edge (ones~tenth of second
digit in low-drag cirfoll designation,
reference 6)

Fl overhang factor

F5,F,' nose-shape lactors

Ky halance factor (Fle')

Subseripts

0, A, B, ¢, D, B, ®, ¢, denote overhong-nose type (tabls I)

()
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6011
c = 2
h5 ¢ 5_f~>

a

on .—.(_éi‘-z
& ¢d
£/
X 1irft-effectlireness parameter Py
o/
¥ lift-effectiveress pearaustser for Hlain sealsd
o /07; \Y

1
1leps | o
\cl 1

The subscripts outslde the parenthieses indicate the
factors held constant during measurement of ths peramsters.

-

ACh_ |
o A ]
Aey |
AC ¢ }- increments of slopes of hinge-monent curves due
bs | to overhang type of halance for test condi-
Acha | tions using data for nlaln unbalanced control
- J,_ .Surface with same gap condition 2s a base
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AVAILABLE DATA

The data used in the summary were cbtained from the
results of model tests presented in references 7 to 2l
and alsc from various unpublished test results. Some of
the more pertinent informatlon regarding the geometric
characteristics of the models and the test conditions
are swmarized in teble II.

Although an appreciable amount of data from tests
of two-dimensional control surfaces and finite-span aller-
ons. were avallable, the amount of datae obtalined for
finite-span tall surfaces was not consldered adequate
for a reliable correlation.

The values of the slopes of tne hinge-moment curves
used in the analysis are the slopes for small control
deflectlione at an angle of attack of 0°,

CORRELATION METHODS

The present paper 1s concerned with the generallza-
tion of the effects of plain-overhang and Frise balances
in providing aerodynamic balance for flap-type control
surfaces. Emplirical factors and design charts were de-
slred 1n order that approximate relations could be es-
tablished between the geometrlc constants of overhang
balances and the effects of overhang balances on the
hings-moment slopes. A preliminary study of the probdiem,
indicated that the slope increments Ach6 and ACh,

(or Ach6 and Acha) due to the overhang were more

sultable for correlation than the total values of the
slopes.

The aerodynamlc balancing effect of an overhang
balance 1s considered to be a maximum when the contour
off the balance conforms to the contour of the airfoll
for the entire length of the overhang. Rounding or ta-
pering the nose causes a reductlion in the effect of the
balance. In the present analysls, the effects of over-
hang length and noss shape were evaluated independently
by means of various cross plots of the available data.
The effects of variations In the nose shape were found
to depend on the overhang length; therefore, a measure
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of the net balancing effect of plain-overhang or Frise
--balpnces was.pbtalned as & product rather than as a dif-

ference of two empirical factors. The two factors .

are F,, which 1s related to ‘the length of overhang,

and Fs'!, which 1s related- to the sectlonel shape of
the balance nose, Thus

Ky .= FyFp?

LORGIE

end the expression for Fo! 18 given in table I for

various general types of nose shape. As may be seen
from table T, the expression for ¥Fy'! 1s, in general,

the product of an area~moment ratio and a basic nose-
shape factor that specifies the relative location of the
point cf tangency of a circular-arc nose and the airfoil

contour. Thils baslc nose-shape factor Fp; 1s deflned
as

where

It should be noted that for any overhang having a
nose formed by circular arcs (nose types 0, A, B, D, and
G.of table TI) .

"and therefore
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If the nosé shape 1s elliptical (type C, table I)
or sharp (type E or F, tabla-I? the factor Fp! 1s oh~-
tained by multiplying a nominal value of Fpo Dy an area-
moment factor. For an elliptical nose (type C) the
nominal value of Fp 1is the valus that would be obtained
for a flap having the seme overhang &s the given flap but
with a nose shapo of type 3. The approprlate arsa-moment
factor is given in table I whers Mg, Mg, and My 4are

the area moments about the hinge axls of the balance pro-
files having nose types denoted by the subscript letters.,
A similar method 1s used for tne sharp-nose balances (E
and ¥). In these cases, the nomiral value of Fy 1is

obtained for a circular-arc ncse (type D) having a
radlus Ry such that the arc becomes tangent to the air-

foll contour at a point defined by the intorsection of
the alrfoll contour and an extension of the stralght line
forming the forward portion of the balance nose. The ex-
ponents of the area-moment Tactors were determined em-
pirically. .

CGraphicel solutions of the expressions for the over-
hang factor Fy (for overhanga Lhaving spans equal to
the control-surface span) and the basic nose-ghape
factor Py are presented in figure 1. The valus of Py

for balances which do not extsnd over the entire span of
the control surface (as for convontlonel rudders) is ob-
tainzd by multiplying the valus of ¥; obtained from

figure 1 by the retio of balance span tc control-surface
span. The use of thls flgure should allow & rapld deter-
mination of F, and Fp, provided the geometric con-

stants ©Cp, ©Cy', t, and Ty are known.

The analysis of the avallable data on control sur-
faces with beveled trailing edges (refourvnce l) indi-
cated that the effects of plan form of the wing or tall
surface could be accounted for reasonably well by as-
suming that both the lift-curve slope and the increments
of hinge-moment slopes due to asrodynanic dbalance are
affected by plan-form changes in the same maenner. Thesame
assunption has been made in the present correlation of
the varlation of hinge moments with control deflectlion.

In the original réports of the partial-span model
tests (models X, *XVITI, and MTX of table II) plan~-form
corrections were not applied to the hinge-moment data
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but were applied to the other aerodynamic characteristics.
The  11ft characteristics -used -for these- three models Iin
this correlation are those corresponding to the actual
portion of the model tested and are not the same as pre-
viously presented 1lift characteristics,

RESULTS

Hinge-Moment K Parameters

The effects of overhang balances on:the variation
of hinge-moment coefficlent with control deflectlion are
shown in figure 2 as curves of Acha/cLla‘or Acha/bzla

plotted against the balance factor Kj. The parame-
ter cLl 1s the average .value of the lift-curve slope
; a )

over the 'span of the control surface and 1s generally
- .aomewhat different from the lift-curve-slope of the
entire wing. A method of estimating the value of cLl

a
Tor allerons on wings of various plan forms is_given-in
reference li. For conventional tall-smurfaces, cLl

a

generally may be assumed equal to the lift-curve alope

of the entire surface, As shown by figure.2, the varia-

tion of the parameter AGhG/CLl- with K, for finite-
a

span allerons was the same as the variation"of'.thb/bzla

with K; for two-dimensional.flaps. The relatlion was

somevhat-different, however, for finite-span tall-surfaces
from that for finlte-span allerons or two-dimensional .
flapa. No attempt has been made to account for the 4dif-
ference, but the assumptlion that hinge-moment slcre
inorements and the lift-curve slope vary 1n the same
menner with plan form is probably not valid for the very
low aspect ratios normally used for tail surfaces. The
relatlon indicated for finite~span tail surfaces 1s based
on test results of relatively few models and cannot
therefore be considered as reliable as the relation shown
for finite-span ailerons and two-dimensional flaps.
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Values of Achb/bLla and Acha/bzla (for neghtive

deflectlions only) for allerons and flaps having Frise
balances had esgsentlally the same relation to the balance
factor Kj; as did the values for allerons and flaps

having plain-overhang balances. The Frise data are pre-
sented in a separate plot, however, in order to show the
limlits of X; ocovered by the available date.

First-approximation values of @€yp/Cp required for
glven values of K; may be obtained for nose shapes of

types 4, B, or D from figure 3. Thls figure was derilved
from the ordinates of NACA conventlonal eirfolls as given
in reference 25, and values of ©y/Cp obtalned from this

-figure may be accepted as the final values for any air-
foll of the NACA conventional four-dlglt or five-digit
seriss. TFor other airfoils, filgure 3 should be used only
for determining first-approximation values of Eh/Ef. By

use of figure 1 and one or two edditional approximations
the final values meay be obtained.

Mo factor was obtained. that would adequately account
for all the variliables which effact the variation of
hinge-mcment coofficlent with angle of attack. The va-
riations of Acha and Acha with the overhang fac=

tor 71 are presentsd in figure l} for representative

models having various nose shapes and open or sealed
gaps. As may be seen from figure | Acha or Acha in-

creasas with overhang, but the Iincrease is less rapld for
medium noses (type C) or sharp noses {type F) than for
blunt noses (typo B). The effsct of nose shaps 1s much
greater when the gap 1s open than when the gap 1s sealed
and se&ling the gap generally results 1n a decrease in
Acha or Acha for a glven balance. Little ccnslstency

In the iagnltude of the decrease can be noted from
figurs L.

Deflection Range

Attempts to correlate §,,, the deflection at which

the overhang loses 1ts balancing effect, with the balance
factor K, gave unsatisfactory results. A scmewhat
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Fa "
better correlation was obtalned with the function E_—_.§3
SO, ¥R - 1-1
in which the factor 1 - 12 serves to account for the
lower values of 8,p obteined for low-drag alrfolls.

The scatter of points in flgure 5, which presents the
correlation of 8,, for a = 09 is probably still too

greet to Justify use of tke given relation in original
design work. The glven relation, however, should allow
satisfactory estimates of the change in &, that might

be expescted to accompany minor modifications to the over-
hang or nose- shape of balances already in use.

TLAft Effectivenass

Several investlgations huve indicated that the 1ift
effectiveness of a flap is & function of the overhong
balance and the zgap. Reasonably conslstent verlatlons
of the sffectivenese ratio k/k, with the balance fac-

tor K; were obtained and ars presented in figure 6 for

ssveral different gaps. The test values plotted are
principually for 30-percent-chord flaps (only a few polnts
for 20-percent-chord flaps were available) but the rela-
tions shown in figure 6 are balieved to apply reasonably
well within the limits of chord ratics ncrmally used for
control surfaces., The effectlveness parameter k for a
flap having a glven gap and bslance fachor X, may be

determined by multiplying the value of k/ko obtained
from figure 6 by the effectiveness perameter ko for a
plain sealsd flap having the same chord ratio op/ec.

That the effectliveness parameter Xk Increases with the
balence factor Kl and that the rate of incroese is

greater for the larger zaps mey oe seen from figure 6.
If the four curves of figure 0 had besn plotted from the
sane base, they would intersect nsar k/ky, = 1.05

where Xy = 0.05. Thus, for Ky velues greater than

0.05, opening a gap will generally increase Lk, and
for K, values less than 0.05, opening a gap wlll gen-

arally decrease k. Althcugh the lift effectiveness
Increases as the amount of balance increases, the un-
stalled deflection range decreases (fig. 5). The maximun
increment of 1ift of & highly balanced control surface

is generally sowmewhat less than the maximum increment of
11ft of the corresponding unbalanced control surface.
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Effect of Gap

The effect of gap on the section hinge-moment pa=
rameters and on the critlcal deflection -18 given for a
few representative two-dimensional mocels 1in figure 7.
For the conventional airfoils for which results are shown
there was a tendency for the values of cha and ch6

to become less negative as the gap wes increased. For
the low-drag airfoll (model IT), however, the values
of Chq and Chg became more negative as the gap was

lncreased, The varlations noted for the various airfolls
are in agreement with the statement in reference li that
opening a gap increases the tendency of larger tralling-
edce eangles to meke the hinge-moment paremeters more
positive,

The magnitude of the critical deflectlion decreased
wlth gap for the two models shown 1n f{igure 7. The rate
of decrease of {,, was greater for the low-drag air-
foll (model II) than for the conventional airfoll
(model I).

Effect of Mach Number and Reynolds XNumber

The effect of a silmultaneous increase 1n Mach number
and Reynolds number on the hinge-moment parameters, the
lift-effectlveness parameter, and the critical deflection
is shown for three rcpresentative models in figure 8.

The data are too scarce and the varlations too 1lrregular
to Justily any generalizations except with regard to the
critical deflection, which decreased az the Mach number

increased for all three cases., The variatlon of &,

with ¥ wzs s3lightly greater for flaps wlth sealed gaps
than for flaps with open gaps.

The tendency for cha and °h5 to become less

negative at the higher ¥ach numbers as noted for some
eirfolls is 1mportant because it may lead to control-
force overbalance at high spesed, The avallable deta are
too meager, howover, to warrant rating the various air-
folls and types of overhang on thils basis.



NACA ACR No, LIEl3 13

Pressure Distributions

Data on the pressure distributions over control
surfaces with plain-overhang and Frise balances are rela-
tively scarce but & few sample diagrams from references 1,
19, and 26 are presented in figures 9 to 13, Additional
data may be obtained from references 27 and 28,

The effects of nose radius, gap, and control-surface
deflention on the pressures over confrol surfaces with
plain-overhang balances is shown for a two-dimensional
model in figure 9 and for a finlte-span model in
figure 10, Within the unstalled range, decreasing the
nose radil had little effect on the pressures back of
the hinge but increased the peak pressure at the pro-
truding nose of the balance, Control surfaces with very
small nose radii stalled at relatively low deflections.
Sealing the gap decreased the positive pressures on the
upper surface of the balance for negative deflections
but had a negligible effect on the pressures over other
portions of the control surface,

The effect of Mach number on the pressure distribu-
tion over a control surface with plain-overhang balance
is shown in figure 11 for control-surface deflections
of ¥10°, The increase in peak negative pressure, which
usually accompanies an increase in Mach number, is not
evident in figure 11. Evidently the adverse pressure
gradient back of the balance nose was so great that the
control surface stalled at some intermediate Mach number,
Pressure surveys over the lower surface at the nose and
the upper surface at the hinge line of a Frise aileron
on a semispan model of a low-drag wing are shown in
figure 12, : .

The effects of nose radius, vent gap, and modifica-
tions to the slot-entry shape are shown in figure 13 for
& control surface with a Frise balance, Decreasing the
nose radius with this control had effects simlilar to
those noted previously for the plain-overhang control;
that 1s, the peak negative pressures were increased for
oevery case except for the smallest nose radius, with
vhich the nose was-stalled at +he-.deflection for which
the diagram is shown, Increasing the vent gap or
rounding the slot entry slightly reduced the negative
Pressures over the balance nose for negative deflectlons-
and the positive pressures over the balance nose for
positive deflections. Rounding the slot entry and
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- Ancreasing the vent gap increased the flow velooclty
through the slot, as 1s evidenced by the more nagative
pressures over the upper surfaces of the balance and of
the control at positive deflections.

OPTIMUM BALANCE ARRANGEHMENTS

Many factors must be consldered in selecting the
optimum overhang-balance arrangement for a glven control
surface. The following 1s a brief discussion of some of
these factors.

A given value of Ath' may be obvtained by mwany va-

riations of bhalahce length and nose shape ranging from
rather short and blunt balances to longer balances with
sharp noses. Although ths geometric characterlstics may
be adjusted over quite a wide range for any glven value
of Ach&, other wserodynamic characteristics will not

remain constant and, conssquently, must be consldered.

The fact that Bop varles approximately as Fp"\/F,,
wherees ACp, varles as TFp'Fy,. indicates that e long

overhang and a moderate nose shape of type B, C, or D 1s
more satisfactory than a short overhang and a blunt-nose
shape oI type A.

A factor that is probably Quite closely related
to 6., 18 the magnlitude of the peak pressures over the

balance nose., If Ach6 i1s assuned to remaln the sams,

a short blunt-nose balance produces higher peak.pressures
than a long balance with a moderate nose shape. The high
peak pressure- associated with the wvery bdlunt nose shape
increases the possibillity that the control surface may
‘become overbalanced at high Nach numbers and probably Iin-
creases the rate at which Mach number reduces the value
of O,p. The high peek pressures increase the possi-

bllity that supercritical local velooities will be -
reached over the nose of the balance. Although 1little
definite information 1s at presant availlable concerning
the offects of shock waves that occur over only & rela-
tively short chordwise portion of the alrfoll, such
effects are probably not beneflclal.
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The ease with which statlic balance may be obtalned
— .+ - .1s important,.  eapecially for.large airplanes. . The long
overhangs permit static balance to be ohtalned by the
addltion of a minimum of otherwise nonuseful welght.

Other consliderations impose limitations on the most
desirable length of overhang. A long overhang requires
a large part of the flxed struecture of the wing or tall
surface to be cut away to allow for free movement of the
balance. The large breaks in the airfoll surface that
result from the use of medium or sharp nose sheapss
probably increase the drag.

Nose shapes of types C, D, &, or F are llkely to
giva overbalance at high derlections 1f designed for
8light underbalance at low deflections because a large
portion of the balancing actlon of the overhang type of
balance 1s produced by the nesgative.pressurc developed
at the portion of the nose that protrudes above or below
the alrfoll contowr. ' For nose types £ and D the negative
pressure peak moves forward and increases in magnitude
a8 the deflectlion is lncreased, therebyr resulting in an
effective Increase in balance. From thece considerations
1t might “e mentioned that a shape of twvpe D can he ox-
pecterl to be more satlafactory than a shape of type G,
less the deflection limits alloaw the most forward point
of the nose to protrude outaide the alrfoll contour.

All the pointed nose shapes (types D, 5, and F) show a
greatly increased balancinc effoct when the ncse pro-
trudes ebove or Lelow the airfoil contour. It appears
that such a condition should be avcided by the use of
steps unless the control deflection required would be
beyond the eritical value and it is desired to use the
control in this condition. Control surfaces with blunt- .
nose overhangs (types A and B) have also shown some
‘tendency towerd increased balance at high deflectlions
(references 7 and 19) but the effect 18 not as great as
for the medium- and sharp-nose shepes Just dlscussed.

As pointed out in a previous section the pa-
rameter ACp, 1s relatively Independent of nose shape

- for sealed balances and appeare to depend principally on
the balance chord. The cholce of the best combination
of nose shape and overhang for a given ACh6 may there-

fore be influenced by the value of Achd obtajned, the
degree of Influence depending on the specific applicatilon.
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The choice of an open or a sealed gap for use with
the ovesrhang will be influenced by .the fact that nose
shape hes more effect on -chd with the gap open than

with the gap sealed, For balances having values of Kl

greater than about 0.05 the use of an open g&ap generally
incroases the lift-sffectiveness parameter k of the
control surface. Part of the gain in k, however, is
obtained at the expense of a loss in czu' The loas

In oy generally 1s not harmful 1f the control surface
G

is an aileron but affects the airplane stability ad-
versely if the control surface 1s a rudder or an
elevator,

The possibility of any buffeting tendsncy should
not he overlooked in the dssign of & balsnced ccatrol
surface. Flight teats as well as wind-twmnel testec have
revealed such tendenciles for Frise allerons as pointed
out in reference 1., The buffeting appears to ocecur In
the region of the negatlve deflections at which the alr
flow sceparates from the protruding noss; that 1s, at de-
flectlons near the critical values given for zero angle
of attack In [igure 5., An Iincrease 1n angle of attacl
usually delays buffeting for Frise allerona. Buffeting
may also be delayed by any modification that tends to
delay separation; that 1s, by increasing the nose radlus,
reducing the overhang, ralsing tne nosa, bulglng the
lower surface of the alleron, or providing the nose with
& 8lot cr a slat. With the possilyle exceptlon of the
addition of a slot or slat, all these measurss tend to
reduce -the aerodynamic balance for small deflections,

Some buffeting was noted during tests of two models
having plain-overhang halances. The oscillatlons were
not so severe, however, as those rioted for Frise balances.
Because this type of balance may protrude into the alr
stream elther above or below ths airfoll surface, the
deflection at which buffeting may occur would be expsected
to bs less for elther positive or negative angles of
attack than for zero angle of attack.

From the¢ foregoing discussion it may be concluded
that the final selection of a control~-surface nose shape
muat he a compromise depending on the relative importance
of the various factors considered.



NACA ACR No, TLE13 . 17

In the case of allerons, the selection of overhang
and nose shapé® may be made prircipally from a considera-
tion of the wvalue of ch6 required. The effect of Chy

on the stXck forces during a roll must be considered in
the choice of chb’ but the adjustment of the nose shape

or overhang of allerons to obtain a desired value of cha

i1s not recommended. A nose shape simllar to type B
seems the most promising of those tested; therefore, for
originel deslign .work, it should gemnerally be necessary to
determine only the overhang for & nose shape of type B
required to give a value of ch6 already declded upon.

The value of cho actually obtained may be adjusted

later within a limlted range by meking minor modifica-
tlons to the nose shape without changing the length of
overhang. The effect of nose ghape on the peak pressures,
the critical deflection, and the varilation of Cng with

deflectlion, however, must be gilven consideration.

The hinge-moment parameters Chg and Cp, are of

almost equal importance for tail surfaces, and the selec-
tlon of the overhang and nose shape therefore depends on
obtaining desirable values for each of these parameters.
As has already been pointed out, the nose shape has
little effect on cha provided the gap 1s sealed. The

overhang may consequently be selscted to obtain the de-
8ired value of chu and the nose shape may then be

selected to obtain the desired value of chb' due consid-

eration belng taken of the effect of nose shape on the
peak pressure, on the crltical deflection, and on the
varlation of ch5 with deflectlion. If the desired value

of Cp, cannot be obtained by selection of only the nose

shape, some adJustment of the overhang may be necessary,
and compromise values of Gh5 and cha "wlll tHereby be

obtalned.
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COMPARISON QF RESULTS WITH THEORY

The faired curve of filgure 2(b) and the theoretical
values of Chg for plain sealsd flaps derived by Glauert

and presented in references 29 and 30 were used in com-
puting the hinge moments of flaps with plain sealed over-
hangs on an infinitely thin alrfoll, for which K,

reduces to (oh/cf)z. The values thus computed were then

compared with theoretlically derived values presented in
flgure 5 of reference 31. The data of reference 31 are
presented for values of the ovsr-all céntrol-surrlace

chord (cp + cp) equal to 0.25¢c and 0.50c¢ with various

hinge locations for several values of.a parameter \.

In reference 31, A 1is an effective reduction in balance
chord and is the distance over whlich the concentrated
source-sink representing the steep break at the balance
nose 1s spread in order to plcture the local flow and at
the same time retain physical reallity. According to ref-
erence 31, A\ 1s probably greater than 5 percent and
less than L0 percent of the balances chord for airfoils

of finite thickness. The values for en Infinitely thin
airfoll would bs ecxpected to fall near the lower limit

of the suzgested range of A. This premise 1s borne out
by a comparison of the theoretical curves and the experi-
mental data extrapolated to zero thickness in the manner
noted. The experimental data forms a curve located at

A = 0,0% to 0.05 for both wvalues of over-all control
surface chord,

DESIGN PROCZIDURE

The results of the present analysils are considered
applicable to the original design of control-surface
balances and of balance modificatlions for control sur-
faces already in use. The procedwre recomnended for an
original deslgn will be illustrated in detail by ean
example :

Let 1t be requlred to estimate the length of plain
overhang for a nose shape of type B to give a final
value of Chg of -0.0010 for a 0.20c¢ aileron on an

NACA 23012 airfoil. The aerodynamic cheracteristics
needed in the design are: (1) the slope ch6 of the
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plain unbalanced alleron having the same gap condition
as the proposed balanced aileron, and (2) the everage
slope of the 1lift curve ovér the alleron portion of the
wing cI’l

a

Because only the increments of aslopes due to the
balance are considered 1n the present correlation of
hinge-moment chearacteristics, the abllity to obtaln a
desired value of chﬁ for the balanced control surface

1s critically dependent upon the accuracy of the value
of chﬁ used as & base, The value of this base may be

estimated from comparable finite-span data or calculated
from section data, but the final valus of Cng obtalned

for the balanced aileron cannot be expected to be more
accurate than the value used for the base. The slope of
the lift curve of the entire swurface CL will usually

be kmown from experimental data. The average slope over
the span of ths aileron CLl may te estimated with suf-
a

ficient accuracy by the method of reference l,

It 1s assumed that the following results were ob-
tained:

chb (for nlain unbalanced alleron) = -0.0070
1q

The increment of hinge-moment 8lope required of the
plain-overhang halance 1s

AGh6 = -0.0010 -(-0.0070) = 0,0060

and thersfors

For finite-span ailerons the balance factor Ky 1s equal
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(fig..2); thus, '

K, = 0.075

The requlrsed overhang for a nose shape of type B
may now be determined approximately from figure 3(a), by
-us& of the value of K, Just determined and

%ﬁ§-= 0,131 from the Iznown alrfoil ordinates at the
alleron hinge line. Therefore,

:
2 = 0.397

Ce

Tho accuracy of this value may be checked by drawing the
alleron nose to the proper ordlnates (belance 1 of

fig. 1) from which the contour-balance chord may be ob-
talned graphically. For constant-percentage-chord
allerons, the result is

5‘ 1
2. - g.221
Cp

Now, from figure 1, Fj = O.141, Fp = 0.521, and there-
fore K; = 0.07L4, whick 1s sufficiently close to the

value required. As has already bcen shown, the value
of ©y/Cs obtained from figure 3 may be accepted as the

final value for nose shapes of type A, B, or D for any
airfoll of the WACA conventlonal four-digit or five-digilt
sories and, therefore, the checlt Juat.performed was not
necessary in this instance. If an alrfoil sectlon
having a different thickness gdilstribution had been used,
or 1f 1t had been desired to use a nose shape other than
type A, B, or D, filgure % would still have been used,. but
only to obtain a preliminary estimate of Eh/E}.
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The procedure to be used in connectlon with proposed
modifications to plain-overhang balances 1s similer to
that just outlined for an original design except that
the value of ch6 of the originel balanced control sur~

face may be used as-the base. If only a certain incre-
ment 8Chg. 18 desired, no base value is neossaary.

In order to lllustrate the change in overhang that
would normally be required to glve the same amount of
aerodynamlic balance for small deflections when the nose
" radli are variled, two additlonal nose shapes have baen
derived and are presented in figure 1ll(a). .Balance 2
has one and one-half times the nose radius of balsnce 1
and balence 3 has one half the nose radius of balance 1.
The geometric constants of the three balances are tabuw
lated in figure 1(a).

The variation of Gh6 that may be expected to

accompany moderate changes in the nose radius with a
Tixed overhang 1s indicated in figure 1lU;(b). The esti-
mated values of ch5 range from -0.0022 to 0.0002.

The recommended procedure for the deslign or modifi-
cation of ccntrol surfaces with Frilse balances 1s similar
to that just outlined for plain-overhang halances except
that the increment Ach6 applies only to the negative

deflection range. The slope cha for posltive deflec-

tions greater than about 3° may be considered to be unaf-
fected by overhang or nose shape. The complete hinge-
momuent curve can bs approximated with a fair degree of
accuracy a8t low angles of attack by fairing a curve
between the balanced negative portion (tangent at

Bp = -2°) and the unbalanced positlive portlon (tangent

at 6p = 8°%)., The exact location of the curve with re-

spect to the axes 13 dependent on & number of factors,
however, including the shape of the airfoll-section. A
prediction of the characterlstics of a control surface
with a Frise balance, therefore, cannot be expected to
be as accurate as a predilctlon for a control surface
with & plaln-overhang balance. It 1s bellievsd, however,
that the effect of minor modifications to e¢ither plain-
overhang or Frise balances caen be predicted with failr
accuracy by the method outlined.
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CONCLUSIONS

The results of the preceding correlation and analy-
sis indicate the followlng general conclusions regarding
control surfaces having plain-overhang or Frise balences:

l. The effects of balance varlations 1n changing
the slope of the curve of hinge-moment coefflcient
plotted agalnst control-surface deflection and in
changing the 1lift effectiveness of tho control surface
could be correlated for various models at low Mach num-
bers by the use of a bhalance factor that accounted for
the size and shape of the overhang.

2. No correlation factor was obtained that would
adequately account for all the variebles which affect
the slope of the curve of hinge-moment coeflicient
plotted against angle of attack or which affect the de-
flection range over which the valance is offective 1n
reducing the slope of the hinge-roment curve,

3. Tha presence of a small pap &t the nose of a
plain-cverhang balanced flap and of the corresponding
unbalanced flap does not appreciably ali:er the difrer—
ences In the slopes of the curves of hlnge moment
plotted ageinst control delflecticn,

. The shape of.the balance nose veried the effect
of a gap at the control leadinz edge on the slope of the
curve of hinge moment plotted against engle of attack
for plain-overhang balances.

5. The presence of a gap at the control leading
edge consistently increased the effect of overhang in
_Increasing the control lift-effectiveness parameter.

with the open gap the increase in the lift-effectlveneas
parameter with increase In overhang was caused by an in-
croase Iin the slope of the curve of 1ift plotted against
control-surface deflectlon and a dscreesse in the slope
of the curve of 1lift plotted against augle of attack.
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6. The data were too meager to justify any definite
generalizations concerning the effects of Mach number on
plain-overhang and Frise balances except that 1lncreases
in Mech number consistently decreased the deflection
range over which the balance was effective 1n reducing
the siope of' the hinge-moment curve.

Langley Memorial Aeronautical ILaboratory,
National Advisory Committee for Aeronautics,
Lengley Field, Va., -~ - '
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TABLE I.- VARIOUS NOSE SHAPES CONSIDERED IN
CORRELATION OF PLAIN-OVERHANG AND FRISE BALANCES
AND CORRESPONDING EXPRESSIONS FOR NOSE-SHAPE FACTOR.
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Table IX.~ INFORMATION REGARDING TESTS OF MODELS HAVING BATANCED CONTROL SURPACES :lz> i
NATIONAL ADVISORY A - CONTROL SURFACES WITH EXPOSED-OVERHANG BALANCES (@]
o>
. Designations of lew-~drag airfoils, regardless of the ferm in whish they appesr ia the other
CO"NITTEE FOR AERONAUTICS [ :;-uuu, are -h::pd throughout to the form presaribed on p. 2la :; referemse 6_’] b
Q
oo
¥Wodel P
ical ti 34 Iy o -
sya{Des- Teentrol surface. Arfoll seoton g AP wE o TIPS of teRt  [Meree 2

bZI igna Plan foram of surface

8
228
eTd¥1

NACA 0.20 0.35 Two-dimensional

23012 .ooa?c

tion
[“_”':1
| IT
\ | 24

=y

|vl

WACA 0.20 0.35
66(215)-216, «0055¢
a =1.0 .0107¢

. Two-dimensional 8
A1 " | 2l ;

i

4

¢:[ ”

|

&

|
&
i

0.30 | %93 001 Atwenstonal |9s 10,
ol i —— | > 0008 - I 350 to0se |[Trordtmensional B30 32
e - r 1 gC 495 +0100c :
!
W .
L8
T NACA oo - |o.30 {0'%%} {3.310;.‘ }m-u—uzou1 13
2 662009 . 200 |1

;
|

62




Teble IT.- INFORMATION RESARDINS TESTS OF MNCDKLS EAVING BALANCED COWTROL SURPACES - Oemtinwsd
A-mm.lmmunnnwm-muﬁ

Dwal, ow-dire mummumam-mnm
[ m.rkoﬁm'hmmm-’.lhornw‘i

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.

8
Wodel :
Dés- Tiatrol surtene Afrfoll sectlon A |s/F| ®/% Oep Tyve of teat Refer-
m’ ifu- Plan form of surface once
tim ;
5
—
== =
T "7 J_ (ntru&gg,mtow o 0-30 0.0010 Teo-dimmsional -
E - -
0,153 )
.- . : 1
O v g(‘,g; 0.30 { _ggg} { 0:005e }m—a—um &l 5
padl | K .= Modified
(—f ’ 805 .- 0.50{ 0.153 } 0.005¢ Two-dimensional (17, 18
X [VII 2. (straight-oentour 500
+——- ———1 i flap)

*ON dDV VOVN

eTav1

o¢



Le) K
Table II.- INFORMATION REGARDING TESTS OF NODELS HAVING BALANCED CONTROL SURPACES - Comtinued
A = CONTROL SURPACES WITE EXPOSED-OVERBANG BALANCES - Continmed
Designati f low-drag sirfoll al f the form in which the in the other
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COMMITTEE FOR AERONAUTICS. '
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Table IT.- INFORMATION REGARDING THSTS OF MODZLS HAVING SALANCLD CONTRCL SURFACES - Continued

=
A - CONTROL SURFACES WITH LXPOSED~OVERHANG BALANCES - Concluded o -3
[DOlignntions of low-drag alrfolls, regardless of the form in which they appear in the other ;3
references, are changed throughout to the form prescribed on p. 21a of reference 6
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Teble IT.~ INFORMATION REGARDING TESTS OF MODELS HAVING BALANCED CONTROL SURFAOES - Conaluded

B - CONTROL SURFACES WITH FRISE BALANCES

[nu!p-uuu of low-drag sirfoils, regmrdless of the form in whigh they appear in the other

references, are ehanged throughout to the form preseribed on p. 21a of reference 6
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Two-dimensional , flaps with plain-overhang balances

Z Mode! Nose Iype

Figure 4.- Variation of increment of hinge-moment slope AChy (or Ach,) with overhang
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) Balances having different nose radii but
the same overhang. T /Cr, 0.397.

figure 14.- Various plain-overhang bajances derived For
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